ABSTRACT
Introduction
Garden sage (Salvia officinalis L.) essential oil is applied in the treatment of a large range of diseases such as those of the nervous system, heart and blood circulation and respiratory (8, 9) . Heavy metal content in medicinal plants is a subject of great interest, published in many papers (1, 3, 4, 14, 15) . Some essential aromatic and medicinal plants are capable to accumulate heavy metals from contaminated soils (17) . All .heavy metals, both essential (Cu, Zn) and non-essential (Cd, Pb) can cause toxic effects to plants and humans if found in high concentrations (2) . In Bulgaria large areas of agricultural soils in the vicinity of the Non-Ferrous Metals Combines near Plovdiv, Kirdzalli, Pirdop, and Kremikovci are contaminated with heavy metals, resulting in a serious environmental problem. In the field experiments conducted in the vicinities of the Non-Ferrous Metals Combine near Plovdiv Zheljazkov et al. (18) reported about the reduction of essential oil yields of several medicinal plants and distribution of heavy metal accumulation in the plant organs. This study demonstrated that high concentrations of heavy metals in soil did not result in metal transfer into essential oil.
Cleansing the soil of heavy metals via conventional methodologies is expensive and in most cases not feasible. Phytoremediation is low-cost alternative to the traditional remediation technologies. The objectives of our study were to evaluate the effects of heavy metals polluted soil on the growth, essential oil composition and accumulation of Cd, Pb,Cu and Zn in Salvia officinalis. Harvested plant samples were divided into roots and shoots. The roots were carefully washed with deionized water after rinsing tap water. Fresh biomass of roots and shoots were determined after weighting. Root dry mass were determined after drying the plant material at 60 o C while shoot material were dried at room temperature. The air-dried leaves of each treatment were subjected to a micro steam distillation-extraction in Lickens-Nickerson apparatus with modification for 2 hour. The essential oil compounds of the steam distilled oil were determined by GC and GC/MS analyses. GC analyses were carried out on HP 5890 gas chromatograph (FID), carrier gas nitrogen, linear velocity 25 cm/s, fused silica capillary column . GC/MS analyses were performed using an HP 6890 instrument. All the GC conditions and the capillary column used were as described above, but the carrier gas was He. The components were identified by comparison of their mass spectra and retention indices with appropriate standards.
Materials and methods
Soil samples were air-dried and ground using a mortar and pestle, and then were sieved through a 0.149 mm sieve. The plant and soil samples were digested in a solution 
Results and Discussion
The analysis of investigated heavy metals in control and polluted soils was presented in Table 1 . The concentrations of all elements in polluted soil were significantly higher as compared to that in the control soil and exceeded Bulgarian permissible limit concentrations. Zn concentrations are highest in both soils, followed by Pb, Cu and Cd. Assessment of pollution in relation to Bulgarian permissible limit concentrations showed that soil Pb content was 4 times higher than the limit, Cd was 3 times higher and Zn about 2 times, e.g. the order of pollution is Pb>Cd>Zn. Cu content remained much lower than Bulgarian permissible limit concentrations. (11) showed that the normal content of Pb, Cd and Zn for plants is 1.00, 0.05 and 50 µg g -1 DW, respectively. Our results showed that accumulated quantities of Pb, Cd and Zn were significantly higher in the shoots and especially in the roots for plants grown in control and polluted soils. In the polluted soils tested elements accumulated previously in the roots. To consider a plant as a hyperaccumulator, the minimum threshold tissue concentration is 0.01% for Cd and 1% for Zn or Fe towards plant dry weight (10). However, the interactive effects of heavy metals in plants are complicated, not only additive, antagonistic or synergistic, but also related to many factors including concentration combinations of elements, plant species and various plant parts. That is why, the successful phytoremediation depends on plant growth and restricted distribution of heavy metals in the shoots.
Heavy metal pollution with Cd, Zn and Pb resulted in 15% root dry biom1ass inhibition and 10% shoot dry biomass inhibition ( Table 2) . Roots higher percent of inhibition could be a result of the heavy metals direct contact with the roots.
Moreover all established heavy metals in the soil as Cd, Pb, Cu and Zn initially accumulated in the root tissues (5) . Growth retardation of plants as a result of heavy metals treatment was reviewed by Pahlson (12). The higher essential oil yield was obtained as a result of heavy metals pollution ( Table 3 ). The main compounds in the essential oil that decreased as a result of heavy metals pollution are α-thujon, β-thujon β-cariophyllene and viridoflorol, while camphor, borneol, 1,8-cineole and bornylacetate significantly increased. In total, 11 constituents were identified and quantified. % of inhibition = [1-(T/C)] x100, where T is essential oil compound of the treated plants and C is essential oil compound of the control plants.
The essential oil of sage contains camphor as a major component up to 20% of the oil (6) and highest levels were found during the period of maximum leaf expansion (7) . Good quality sage oil contains a high percentage (> 50%) of the α-and β-thujones and low proportion (< 20%) of camphor (13) . Observed decrease of the levels of α-and β-thujones and elevated camphor level in the leaves of sage grown on heavy metals polluted soil indicated a deterioration of the essential oil quality.
